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Abstract 
 
Grease hardening and dry-out have been part of the major challenges in grease usage in electrical industry. The findings obtained over 
the years related to the study of synthetic, specialty, and new grease have found that the usage of these greases are costly; hence, it is 
very necessary to find an alternative method to reduce the cost as much as possible. Increasing petroleum demands, depletion of petrole-
um reserves, and the environmental awareness have influenced a huge interest in the use of waste oil as the alternative of base oil for 
grease formulation. The waste oils are considered as a promising candidate due the fact that the re-refining process of base oil is relative-
ly cheap with high yield and the recovery of good quality oil. Optimum grease formulation is necessary in solving the aforementioned 
issues as well as overcoming complication specifically in the electrical industry where these greases are mainly utilized. 
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1. Introduction 
Greases are semisolid lubricants that are utilized to reduce friction 
between two surfaces [1] as well as a protective film which allows 
the two touching surfaces to be separated. According to the Amer-
ican Society for Testing and Materials (ASTM), lubricating grease 
is defined as "a solid or semi-fluid lubricant consisting of a thick-
ening agent in a liquid lubricant. Other ingredients imparting spe-
cial properties may be included". Greases are commonly made of 
85 to 90 % base oil and 10 to 15% thickener. Hence, both the 
thickener ﬁbers and the oil will resist deformation when stress is 
applied to grease, which respectively opposes the elastic and vis-
cous forces [2]. 
Thickeners are dispersed in greases to produce a gel-like structure 
due to the fact that greases are made of lubricating oils. Lubricat-
ing grease does not flow and it shares the properties of solid at 
normal temperature, thus they are capable of maintaining their 
shape. However, the gel structure of grease will break down and 
flow normally like lubricating oils when the load is applied and 
the grease is heated. Most interestingly, grease is featured with 
reversibility that helps the flow of grease to stop and allows it to 
return to solid form when the load is removed [3]. However, lubri-
cating greases will lose their solid properties when the load and 
temperature are applied to a critical value. 
According to Watson [4], the first use of grease dates back to 
about 1400 B.C. and it was first introduced by the Ancient Ro-
mans and Egyptians. These greases were made from animal fats, 
resins, and lime. However, industrial development has come a 
long way since then which consequently led to the introduction of 
lithium, barium, and aluminum soap base greases in the 1920s and 
1930s. The progressive industrial development has led to the es-
tablishment of complex base greases in the 1940s and 1950s. 
Therefore, complex base greases are slowly replacing the conven-
tional greases due to its properties which include high temperature 
performance and good performance at moderate temperature. 
The demand for environmental friendly products has always been 
a major point in any commercial sales. On top of that, both envi-
ronmental legislation and consumer awareness have been impact-
ing the design of lubricating grease. The original environmental 
friendly lubricant developed in the 1970s and 1980s was made to 
be applied on chainsaw and outboard motor applications [5]. A 
number of researches related to bio-lubricant grease have been 
performed by utilizing biodegradable raw material such as vegeta-
ble oil and base oil [6–8]. However, the development of bio-
lubricant grease formulation was observed to be costly compared 
to the current grease available in the market; hence, it is consid-
ered to be impractical [9]. 
According to Lugt [10], advanced material technologies such as 
the implementation of nanotubes were also explored in the last 
decade. However, these types of technology do not exhibit any 
technological breakthrough in terms of functional performance 
apart from being commercially unpromising until the present time. 
Most of the existing researchers have focused on the development 
of grease performance or efficiency [11–13]. Nevertheless, there is 
a wide gap in the area of grease formulation related to the main 
components of grease that is largely made of crude oil (85%-95%) 
with recycled materials or waste products. The formulation pro-
cess conducted using the downstream petroleum raw material is 
very expensive plus the permanent declining of petroleum re-
sources. 
Donley [14] further suggested that greases are formulated to per-
form the following key functions: (i) keep moving part apart, (ii) 
reduce friction, (iii) transfer heat (iv) carry away contaminants, (v) 
transmit power, (vi) protection, and (vii) corrosion prevention. 
Generally, grease can be categorized into several types based on 
its potential applications which include clay greases, extreme-
pressure (EP) greases, soap-based grease, multi-purpose greases, 
and others. Lubricating grease has been widely utilized for numer-
ous applications involving machinery and moving part, in which it 
functions as a sealant, provides protection against corrosion, and 
at the same time reduces noise and shock. 
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2. Page layout 
It is extremely crucial to note that lubricating grease and oil share 
no similarities. Grease is usually utilized when it is more practical 
to be used instead of lubricating oil. In this case, the type of lubri-
cant used for a particular application is determined based on the 
equipment design and working conditions [15]. In general, lubri-
cating grease is largely used in the heavy industry related to auto-
motive, steel, and machinery as well as light industry involving 
food and textile. 
2.1. Automotive Industry 
For many years, conventional automotive greases were made from 
either aluminum, calcium, or sodium soaps based on the require-
ments dictated by the operating condition [16]. Take one case 
whereby EP greases that were utilized in automotive wheel bear-
ing, chassis, disc brake, universal joints, and fifth wheel are either 
in the state of lithium or lithium complex, aluminum complex, and 
calcium sulfonate greases [17]. 
Meanwhile, lubricating grease selected in automotive industry 
should possess the following important properties: high dropping 
point, good shear stability and adhesive properties, thermal and 
oxidation degradation resistance, water resistance, good protection 
against heavy and continuous shock loads, anti-wear, good com-
patibility with other conventional greases and differential oils [18, 
19]. On top of that, these properties are required to ensure that the 
grease is able to perform well during the operation. Lubricating 
greases of National Lubricating Grease Institute (NLGI) Con-
sistency Grade 2 are often used in the automotive application due 
to their ability of remaining soft in cold weather. 
2.2. Steel industry 
In the case of steel industry, various types of greases were applied 
to different parts of machineries. The steel plant equipment is able 
to work under different operating parameters which include ex-
treme heavy load to high speed as well as low to high tempera-
tures [20]. Therefore, it is very crucial to properly select the most 
appropriate grease to ensure smooth operation and reliability of 
equipment. The greases used in steel industry are not particularly 
similar to those of automotive industry as they have high load-
carrying capacity, oxidation stability, mechanical stability, water 
wash resistance and good pumpability, and low cost for large-
volume consumption [21]. In most cases, the grease is used to 
lubricate machinery with the operating temperature of less than 
135 °C [19]. Other than that, EP multi-purpose greases that are 
comprised of lithium and aluminum complex soaps are normally 
utilized in steel mills. 
Apart from that, the steel industry also adopts a wide variety of 
bearings that are lubricated with grease such as plain journal bear-
ings which is especially beneficial and useful in rolling mill opera-
tions, rolling-element bearings, and table and roll neck bearings. 
On the other hand, the type of grease that are based on mineral oil 
used in hot and cold rolling equipment include conventional EP 
lithium greases, calcium complex greases, calcium sulfonate com-
plex greases, lithium complex greases, and aluminum complex 
greases [16]. Finally, it should be duly noted that greases applied 
to these bearings will only be applied during the maintenance 
instead of the operation. 
2.3. Food Processing 
In the case of food processing, it is necessary for food-grade 
greases to comply with food, and health and safety regulations 
[10]. Hence, the common base oils that are suitable for this partic-
ular industry include white oils, polyalphaolefin (PAOs), some 
esters and vegetable oils [20, 22]. On top of that, the common 
approved thickeners are aluminum stearate, aluminum complex, 
organoclay, and polyurea. 
2.4. Textile 
The utilization of lubricating grease in the textile industry is for 
the purpose of lubricating the textile machinery. It should be 
acknowledged that this industry prefers grease that are easier to 
clean and does not leave any stain to the textiles or fabrics. A 
number of grease products suitable for this industry usually con-
tain additives that are able to assist in the process of removing oil 
stains from the fabric [20]. The common properties of greases 
used in the textile industry include load-carrying capacity, oxida-
tion resistance, and good adhesion. Additionally, greases with rust 
preventive properties are also used due to the humid environment 
at the industry. 
2.5. Electrical Equipment 
The reliability of electric utility equipments such as connectors, 
switchgears, and circuit breakers are possible to be improved with 
modern lubrication technology and practices [23]. In recent years, 
various types of synthetic lubricants have demonstrated the ability 
to outperform conventional lubricants at extreme temperatures, 
resistance ability of grease dry out, and ability to protect against 
wear and corrosion which can lead to the failure of the equipment 
[24]. Electrical equipment installed in both industrial and com-
mercial facilities can be exposed to both indoor and outdoor envi-
ronments which are potentially detrimental to the metals used in 
electrical contacts including their coatings; therefore, it is very 
crucial to choose the most suitable lubricants to ensure the equip-
ment is well protected. 
In addition, lubricants are able to improve the performance of 
electrical contact by either reducing mating forces, extending the 
durability of plating, and enhancing the protection against corro-
sion [25]. However, the general principle of electrical equipment 
lubrication revolves around protecting the electrical connection 
from degrading which can further increase the electrical resistance 
[26]. Moreover, deposits on the contact surfaces formed by corro-
sion will definitely lead to the increase in contact resistant. Mean-
while, the application of lubricants in electrical contacts seems to 
provide protection from harsh environment, galvanic/fretting cor-
rosion, and wear/friction, without interfering with the contacts’ 
electrical resistance. 
A wide range of lubricants have been tested on electrical contacts 
[25, 27, 28]. In the same token, Polyphenyl Ether (PPE) and 
Perﬂuorinated Polyether (PFPE) were discovered to possess high-
temperature withstanding properties in comparison to other types 
of lubricants. Additionally, PPEs are also capable of providing 
protection from corrosion as well as increasing the life of connect-
ors apart from having good thermal stability [29]. 
There are relatively few historical studies in the area of lubricating 
grease application in electrical equipment compared to other field 
of applications. Most researchers put their focus on the process of 
formulating grease with excellent conductivity. However, a num-
ber of problems were found related to the use of lubricating grease 
in electrical equipment such as long-term stability and high oper-
ating temperature. Most greases tend to evaporate at the tempera-
tures over 100 °C [26] which then leads to the formulation of lu-
bricating grease with excellent performance at extreme tempera-
ture. 
3. Issue of Grease Usage in Electrical Industry 
The application of lubricants is one of the ways to prevent any 
potential factors that can possibly increase the electrical resistance 
involving an electrical connection. The type and function of the 
contact determine the specific type of the required lubricant. In 
light of this, electrical contact can be defined as two surfaces that 
are in contact by force with the passage of electric current, voltage, 
or signals. The vast majority of published articles or journals on 
electrical lubrication have been observed to offer two strong rec-
ommendations [30] which are described as follow: (1) follow 
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manufacturer’s instruction, and (2) avoid mixing the lubricants. 
Apart from that, several OEM recommendations also include en-
gineering specifications, maintenance book, and documentation. 
The issues related to the need of following the guideline revolve 
around the difficulty to access the original manual that is included 
together with majority of hardware. 
On top of that, there are several problems faced by the electrical 
industry related to the use of grease. In relation to this, it can be 
further described based on the issues faced by one of the electrical 
power industry in Malaysia which is related to their switchgears 
that were made of copper with or without silver plating. The 
switchgear often faces mechanical failure and electrical overloads 
at peak hours, which then leads to the elevation of temperature 
that will indirectly affect the grease. Apart from that, it was also 
observed that grease tends to experience major challenges in elec-
trical contact lubrication which are dried-out and hardening. 
Grease dry-out and hardening are majorly the result of tempera-
ture effect during operation. Both low and high operating tempera-
ture can lead to grease hardening, but it is a different case for low 
temperature which is highly dependent on the type of base oil used 
in the formulation [15]. 
Moreover, there are several possible causes that can lead to the dry 
out and hardening of grease with respect to temperature effect. 
Low viscosity base oil used in grease tends to have high risk of 
volatilization at high temperature due to the evaporation of oil 
from the matrix over time, which further results in the ratio of oil-
to-thickener to drop and to the hardening of grease [31]. Another 
cause of grease hardening can be explained by the oxidation of 
grease over time. It should be understood that both base oil and 
thickener in grease tend to have the possibilities to oxidize, but 
thickener is less prone to oxidation compared to base oil [15]. 
The buildup of oxidation products can be deleterious to thickener 
structure as well as cause the bleeding of oil particularly when 
grease is oxidized. High operating temperature can cause the oxi-
dation rate to accelerate, which then cause carbonization that will 
definitely result in the progressive grease hardening and crust 
formation [32]. Not only that, it can also cause the increase of 
contact resistance which then reduces the contact reliability. Addi-
tionally, over-greasing can lead to oxidation since churning of 
grease may occur which finally results in energy loss and rising 
temperatures [33]. 
A research conducted by one of Malaysia’s’ electrical power in-
dustry team had managed to discover that grease applied to the 
contact area is capable of changing color (blueish green slurry and 
polymer-like) after a period of time. Generally, the discoloration 
of grease on the components generally indicates that oxidation is 
taking place , thus leading to the increase of contact resistance 
[34]. Another interesting finding is that lubricants may degrade as 
it reacts with the atmosphere and likely to polymerize when heated 
in the presence of a copper-based alloy [35]. Moreover, copper is 
known to degrade polymers through catalytic-enhanced oxidation; 
hence, it will definitely cause grease to change if it gets in contact 
with copper at elevated temperature [36] which will also induce 
copper corrosion. Therefore, it is important to utilize grease with a 
copper corrosion inhibitor as it may reduce lubricant-induced cop-
per corrosion [37]. 
Nevertheless, several established studies have pointed out that 
grease hardening and dry-out can be avoided. Grease applied on 
contact surfaces are exposed to four temperature sensitive aging 
mechanisms, which are evaporation, surface migration, polymeri-
zation, and degradation [30, 38]. However, lubricants may degrade 
by oxidation as well as form insulating films and increase contact 
resistance with time and temperature [39]. Therefore, it is ex-
tremely crucial to select proper grease formulation by referring to 
the electrical equipment design and operating conditions in order 
to avoid equipment or contact failure. Other than that, material 
properties such as viscosity, thermal stability, surface tension and 
vapour pressure are very important to be considered in order to 
select lubricating grease for electrical contact application [30]. 
Numerous types of greases were applied and tested by the team 
based on the greases recommended by manufacturers (OEM) for 
the purpose of electrical contact lubrication. However, the current 
practices seem to face several complications compared to normal 
operation due to the shortage of stocks. Hence, this further in-
creases the need to acquire greases from different OEMs which 
can lead to the utilization of non-recommended contact grease.  
Along these lines, it can be safe to infer that not all kinds of greas-
es are suitable for electrical contact application. 
The contact between two metal surfaces is highly reliant on 
boundary lubrication. Hence, a very thin film of lubricant or addi-
tive, or both must be maintained to ensure that boundary lubrica-
tion is effective. This can be achieved by using various types of 
additive such as extreme pressure, anti-wear, and lubricity addi-
tives. Apart from that, solid lubricants, such as graphite, molyb-
denum disulfide, and PTFE may also be added by the lubricant 
manufacturer. However, both PTFE and molybdenum disulfide 
seem to have the possibility to increase in wear [40]. 
4. Electrical Contact Grease 
The lubrication of separable electronic connector can be described 
as the practice of coating contact surfaces with the purpose of 
reducing mechanical wear and friction as well as degradation 
caused by fretting. Meanwhile, lubricants are described as thin 
metallic film, fluids, greases, and solid. In relation to that, this 
review has chosen to focus on the use of grease to lubricate the 
electrical contact surfaces. Grease is defined as a three-
dimensional (3D) matrix soap fibers dispersed throughout a liquid 
lubricant. In other words, it can be considered similar to a sponge 
soaked with liquid that will flow as a result of applying shear 
stress exceeding the yield point. The base oil is bonded by the 
following factors: (1) capillary forces, (2) mechanical occlusion, 
or (3) molecular attraction between polar region on soap fibers and 
base oil molecules [41]. 
The contact surfaces were not flat in contact operation even when 
force is applied, and the two surfaces do not touch at all points 
[42]. Grease lubricating mechanisms can be described as oil reser-
voir that is slowly released (bleeding) into the contact surface. 
However, some believe that the oil is released by the destruction 
of thickener fibers instead of bleeding. In contact surface lubrica-
tion, the initial filling is believed to play a major role [43]. How-
ever, over-greasing may eventually lead to excessive churning, 
elevation of temperature, and severe grease degradation. This 
finding is constant to the finding of Zhang [44] which states that 
the appropriate thickness of lubrication film is the most influential 
factor on inhibition from corrosion and wear, which is also capa-
ble of reducing the possibility of contact failure. 
According to Campbell [45], grease viscosity is limited to the 
speed of slide and the lowest temperature in service. In this case, 
petroleum-based grease is believed to work effectively provided 
that the bearing component is fully rotated continuously at a speci-
fied speed. However, it stays static in circuit breaker, while partial 
rotation and movement tend to occur during operation [46]. In 
addition, petroleum-based grease does not perform well in ex-
treme temperature and dirty environment. Hence, the grease will 
end up breaking down and becoming acidic, which then forms a 
layer of varnish on the contact surface. In line with Slade’s state-
ment [47], mineral oil is often expected to protect contact surface 
from tarnishing but the opposite tends to occur over time. Mineral 
oil is mostly derived from the refining of crude oil (petroleum), 
and even a highly refined mineral oil is known to contain sulphur 
compound which is extremely corrosive. Therefore, plating the 
metal contact surface can slow down the build-up of resistive film 
in mineral oil environment. A research carried out by Arnell and 
Andersson [48] had found that the low contact resistance on cop-
per plated with silver contact in mineral oil can be maintained by 
applying solid lubricant to the contact. 
Furthermore, electrical contact resistance which is caused by elec-
trical constriction tends to reduce the volume of material used, 
whereas film resistance tends to increase the contact resistance 
due to the presence of contamination film. The contamination film 
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that is known to be mechanically brittle may be caused by the 
formation of oxides or corrosion product on contact surface, which 
has the possibility to increase contact resistance and reduce con-
tact reliability. However, electrical contact can be established 
when the film is fractured and metal-to-metal contact spot is 
formed by metal extrusion through the layer’s crack [47]. Electri-
cal constriction can be reduced by applying more load due to the 
fact that contact resistance is inversely exponential to load applied. 
In regard to this, the practice of contact lubrication is as old as 
connectors themselves [28]. The capability of lubricants to stabi-
lize contact resistance, reduce wear, and delay the oxidation rate 
by protecting the metal surface from the environment is apparently 
not dependent on the lubricants composition and viscosity [49]. 
Several lubricants such as polyphenyl ethers were discovered to be 
more potent in inhibiting adhesive wear. However, mineral oil and 
polyolester are not potent to reduce the friction coefficient as a 
result of lower viscosity [25], including the earlier statement that 
describes the potential of mineral oil in causing corrosion on con-
tact surfaces. Moreover, greases formulated using mineral oil are 
more prone to evaporation compared to synthetic greases, and they 
tend to separate from thickeners over time. However, the cost of 
synthetic grease is expensive compared to the conventional grease. 
The results provided by established studies related to the electrical 
contact grease formulation are displayed in Table 1. It can be ob-
served that many contact greases possess beneficial effect on the 
contact resistance behavior. A vast majority of the studies show 
that the grease application helps in reducing the contact resistance. 
In spite of that, previous research on contact grease mainly fo-
cused on base oil and thickeners, and less on additive. On top of 
that, most of the current researchers put their concern on the use of 
different type of compositions of the grease in order to prevent 
wear and friction, along with the importance of providing excel-
lent conductivity capacity and reducing contact resistance. How-
ever, lubrication was confirmed to only be able to delay fretting 
corrosion instead of totally prevent it from happening [50]. 
 
Table 1: Lubrication test for various grease types in electrical contact 
No. Base oil Thickener Additive Findings Ref. 
1 PFPE 
2.8% 
fumed 
silica 
- 
- Unhindered 
current flow. 
- No variation 
in passage 
when applied 
to electrical 
switch con-
tact. 
[51] 
2 
PFPE 
(Mw= 2600 
– 12500 
gmol-1) 
PTFE 
(dp= 
<1µm) 
- 
- Less Mw: oil 
evaporate and 
hardened. 
- More Mw: 
grease too 
viscous. 
- dp= <1μm: 
contact not 
damage. 
- dp= >1μm: 
cohesion and 
adhesion is 
induced and 
increase 
thickness of 
lubricant film. 
[52] 
3 
Ionic liq-
uids (ILs) 
30% PTFE 
(dp= 4µm) 
- 
- Conductive 
grease. 
- Better fric-
tion-reducing 
properties. 
- Anti-wear at 
room temper-
ature and high 
temperature 
(150 °C). 
[53] 
4 
Lithium ILs 
(Li(PEG)X) 
17% PTFE - 
- High con-
ductivity. 
[54] 
- Excellent 
tribological 
properties. 
- Self-
lubricating 
abilities. 
- Long service 
life. 
5 PAO 
LiOH, 
sebacic 
acid, and 
12-hydroxy 
stearic acid 
Polyaniline 
(PAN) 
powder 
(dp= 1 – 10 
µm) 
- Excellent 
tribology 
performance 
and conduc-
tive capacity. 
- Low contact 
resistance. 
[55] 
6 PAO 
PTFE 
(dp= 4µm) 
ATO na-
nometer 
powder 
- Excellent 
conductive 
capacity. 
- Low contact 
resistance. 
- Better fric-
tion-reducing 
and anti-wear 
properties. 
[56] 
7 PAG 
PTFE 
(dp= 4µm) 
CNTs 
- Improved 
conductive 
capacity. 
- Improved 
friction and 
reducing and 
anti-wear 
abilities 
[57] 
*PFPE–Perfluoropolyether; PAO–Polyalphaolefin; PTFE–
Polytetrafluoroethylene; CNT–Carbon Nanotube; ATO–Antimony 
Tin Oxide 
5. Grease Formulation for Electrical Equip-
ment 
In this review, two main factors have been considered for the pur-
pose of formulating electrical contact grease, which are the cost 
and problem related to the electrical industry. As has been previ-
ously stated, there exists a huge gap in the area of grease formula-
tion. The formulation process that utilizes the downstream petro-
leum raw material is deemed to be expensive. In addition, the use 
of petroleum product in lubricant has been observed to generate 
several drawbacks to the contact surfaces. On top of that, it was 
found that synthetic grease, specialty grease, and new base oil 
developed for electrical equipment are more expensive compared 
to the traditional grease; hence, it is necessary to find an alterna-
tive method to cut down the grease production cost. 
5.1. Base Oil: From Crude Oil to Waste Oil 
The formulation of lubricating grease commonly involves the use 
of petroleum or synthetic mineral oil as the base oil, but the im-
portance of acknowledging environmental awareness has led to 
the establishment of more strict policies on the use of non-
environmental friendly sources. In relation to this, the develop-
ment and application of environmental friendly lubricating grease 
have started to gain attention but it is undeniable that eco-friendly 
base oil such as biodegradable synthetics ester is deemed costly. 
Therefore, the continuous search for the best and suitable eco-
friendly product that can replace mineral oil in various industrial 
applications is very important, particularly in the fuel and energy 
sector. Hence, renewable resources such as vegetable oil and their 
derivatives are considered as the potential replacements for miner-
al oil base stock in certain lubrication application, especially in the 
formulation of lubricating grease [60]. 
The recent crude oil production has been experiencing a massive 
decline worldwide. In Asia-Pacific, the decline was observed to be 
substantially greater compared to the production pullbacks in other 
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parts of the world [61]. In this, case, it is forecasted that the Asia-
Pacific crude oil production will fall by 1 million barrels per day 
by 2020 which is caused by the decline of Asia-Pacific major oil 
producers, namely China, Indonesia, Malaysia, and Thailand. 
Apart from that, vegetable oil is also well known for its biodegra-
dability. Most of the commercial production of vegetable oil main-
ly revolves around for food purposes. Vegetable oils have been 
considered as a result of their advantages which include high vis-
cosity index, high lubricity, and low volatility among other oils [7]. 
However, it is not recommended to utilize this source in the for-
mulation of grease because it can definitely pose a negative effect 
on the food market. In addition, a huge number of researchers 
have tried to develop vegetable-oil-based derivatives which pos-
sess a nearly similar properties and performance to the petroleum-
based diesel oil. However, the process involves a very high manu-
facturing cost. Following this, waste cooking oil was then claimed 
to be the suitable alternative for vegetable oils. However, it is no 
longer recommended to be used in food industries due to toxic 
build up after being heated as well as the change of oil physical 
properties [62, 63]. 
The used lubricating oil or waste oil is normally generated from 
the crankcase of internal combustion engines (mainly run on pet-
rol or diesel). Apart from that, used oil is also produced and col-
lected from other operating equipment such as hydraulic oil or 
gear and transmission oils [64]. However, lubricating oil becomes 
unfit for further utilization as a result of the accumulation of con-
taminants in the oil as well as the chemical changes in the oil. On 
top of that, the disposal, dumping, and uncontrolled burning of 
used oil can harmfully threaten the environment by causing severe 
pollution. According to the European Environmental Policy [65] 
on the Directive for the disposal of waste oil, it can be said that the 
regeneration of waste oil (producing base oils) is highly encour-
aged instead of the usual disposal in order to reduce the disposal 
amount of oil which indirectly keep the environment safe [66]. 
Audibert [67] states that the re-refining of oil is able to produce 
one-to-one ratio of new oil production which further suggests that 
the production of re-refined oil is also able to reduce the number 
of new oil produced. A study conducted by Mensah-Brown [68] 
shows that a total of 73.3% oil is recovered from the re-refining 
process of used oil, which agrees with the fact that oil can be recy-
cled to yield lube stock to produce lubricants and sustain crude 
petroleum. 
All in all, the study on recycled used oil, high cost of grease pro-
duction, and issues related to the environmental conservation have 
brought a wide and promising interest in the use of waste oil as the 
best potential replacement for base oil in electrical contact grease 
production as well as possible methods that can be applied to cut 
the cost. It is further believed that the use of waste oil in grease 
formulation will be more economic because the re-refining pro-
cess is relatively cheap compared to virgin base oil stock [68]. 
Apart from that, it also helps to prevent unreasonable dumping of 
used oil which can definitely save the environment from being 
extremely polluted. 
5.1.1 Waste Oil Treatment 
The conventional method on the re-refining technologies for waste 
oil requires the vacuum distillation process which concentrates the 
contaminants in the vacuum residue. It is important to note that the 
conventional acid/clay re-refining process has been utilized for 
quite a number of years, but the process is not eco-friendly due to 
the large production of pollutant. This method is also incapable to 
re-refine the modern lubricating oil such as multi-grade engine 
oils [69, 70]. In relation to this, many acid/clay re-refining plant 
were shut down in 1980s [71] as a result of the increased envi-
ronmental awareness, which subsequently lead to the development 
of improved re-refining technologies for both environmental and 
product quality reasons. 
Furthermore, the study on the regeneration of used oil continues to 
develop with better emphasis on ensuring that the processes are 
environmentally friendly. The research performed by Hamawand 
[70] shows that glacial acetic acid was used to replace sulfuric 
acid in the method of acid/clay re-refining. This method is consid-
ered suitable because it involves a lower cost process as a result of 
using low-cost acid as well as moderate conditions of the process. 
On top of that, this process does not emit poisonous gases and 
pose minimum negative impact on the processing equipment. 
In regard to this, the solvent extraction technique was later devel-
oped to replace the acid treatment. The basic of this pretreatment 
can be described based on the use of a solvent to selectively ex-
tract the base oil components from the used oil in a process that is 
regarded to be quite similar to the commonly used process adopted 
in crude oil refining for the purpose of separating asphaltenes [69, 
70, 72, 73]. Generally, ketones and alcohols have been widely 
used as solvents, while the oil generated from this process is as 
good as to that produced through the acid/clay method. However, 
this method is costly due to the need of utilizing expensive sol-
vents and vacuum distillation. Recently, hydrocarbon such as pro-
pane has been used as solvent [70, 71, 74] due to its ability to 
dissolve paraffinic or waxy material and intermediately dissolve 
oxygenated material. 
As stated by Dang [69], the existing re-refining processes involve 
three basic steps which are settling, solvent chemical treatment or 
vacuum distillation, and finishing by hydrotreating or clay contact. 
Several variations and combination of processes have been devel-
oped for the purpose of lube re-refining over a period of time such 
as the Kinetics Technology International (KTI) process, which is a 
combination of vacuum distillation and hydro-finishing [75]. This 
technology is able to produce high quality base oils with a yield of 
approximately 82 % as well as to minimize the pollution cause by 
the by-products. 
5.2. Thickeners 
The function of thickeners is to provide a physical matrix that can 
hold the base fluid in a solid structure until the operating condi-
tions such as load, shear, and temperature are able to initiate vis-
coelastic flow in the grease. Hence, a careful balance of solubility 
between the base fluid and the thickener is required in order to 
achieve this matrix. In other word, thickener is an agent that is 
capable of changing the phase from fluid to semi solid. 
The two principal groups of thickeners can be divided into two: 
metal soaps non-metal soap. Soap-based greases are by far the 
most widespread lubricants because metal soap consists of a long-
chain fatty acid neutralized by metal such as lithium, sodium, 
calcium, aluminum, and others. Meanwhile, inorganic, organic, 
and synthetic materials are used as thickeners in non-soap greases. 
Nevertheless, non-soap grease has managed to gain popularity in 
high-temperature environments. However, under elevated temper-
atures, base oil will eventually oxidize even though the thickeners 
are able to withstand high temperature, which requires a frequent 
relubrication interval [15]. 
5.3. Additives 
The purpose of adding additives to some grease is to improve their 
lubricating properties. Moreover, additive also plays an important 
role in protecting grease and lubricated surfaces apart from its 
ability to enhance the grease performance. Additives may consti-
tute 0 to 15 percent of the total grease mass; hence, it is added to 
increase additional properties such as anti-oxidation, rust preven-
tion, anti-wear, and pressure resistance. A wide range of additives 
can be used to improve grease performance, whereby molyb-
denum disulphide (MoS2) have gained interest in this review be-
cause it has high load-carrying capacity and excellent in both low 
and high temperature[15]. 
The use of MoS2 is very beneficial in the boundary lubrication 
regime based on the presence of metal to metal contact, which is 
contrasting to the hydrodynamic regime where the presence of 
sufficiently thick fluid film is able to prevent asperity contact and 
any virtual wear [76]. MoS2 can be described as an anisotropic 
transition metal dichalcogenide (TMD) compound material with a 
28 International Journal of Engineering & Technology 
 
trigonal prismatic structure that is comprised of a layer of molyb-
denum atoms between two layers of sulphur atoms that are loosely 
bounded by Van der Waals interaction [77]. 
The electrical properties of MoS2 are of significant practical im-
portance, particularly in electrical application. Various parameters 
are able to potentially correlate with MoS2 resistivity, but both the 
temperature and level of impurities are considered to be of a high-
er significant [78]. On top of that, there is no clear agreement on 
electrical conductivity of MoS2, but a strong correlation seem to 
exist between MoS2 conductivity and temperature [79]. In relation 
to this, MoS2 electrical conductivity tend to increase with tempera-
ture as the resistivity decreases [78]. In short, it is safe to conclude 
that MoS2 is very versatile to be used as additive in the formula-
tion of electrical contact grease due to its high temperature with-
standing properties and good electrical conductivity. 
6. Conclusion 
In general, it has been observed that research on grease for electri-
cal equipment is still ongoing and most of the current researchers 
tend to focus on the optimization of grease performance or effi-
ciency. In addition, it is fully noted that the current development 
of grease for electrical equipment which include synthetic, spe-
cialty, or new finding is deemed to be very expensive. Moreover, 
the study on waste oil regeneration has been conducted since the 
1930s due to the environmental issues caused by the waste oil. 
The present review further covers grease application on electrical 
equipment, including grease production performed using waste oil 
for electrical contact. Most of the challenges in this field are relat-
ed to the need of finding the optimum formulations that is very 
necessary in producing lubricating grease which can be applied for 
specific type of electrical contact. Finally, the advancement of 
lubricating grease which utilizes used oil can lead to major revolu-
tion in the world of lubricant market because this idea is believed 
to be effective in reducing the cost and environmental impact re-
lated to grease manufacturing. 
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